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Logic Emulation Module and Logic Emulation Board 



BACKGROUND OF THE INVENTION 

The present invention relates to techniques of logic 
emulation constituting one of the processes for developing 
integrated circuits. More particularly, the invention 
relates to a logic emulation module and a logic emulation 
board for carrying out logic emulation efficiently. 

Heretofore, there were techniques of software 
emulation (logic simulation) designed to improve accuracy 
in logically verifying logic elements that make up 
large-scale integrated circuits (LSI) for use in 
information processing equipment. Such software emulation 
techniques have since been supplemented by techniques of 
hardware emulation (logic emulation) that utilize FPGAs 
(field programmable gate arrays) forming programmable LSI. 
Logic emulation involves programming, by use of a plurality 
of FPGAs , a pseudo-LSI device that emulates the logic of a 
target LSI to be designed (i.e., targeted for logic 
verification) and generating the programmed pseudo-LSI for 
checks on its logical performance. One such logic 
verification device is disclosed illustratively in Japanese 
Published Unexamined Patent Application No. Hei 6-3414. 

Large-scale integrated circuits targeted for 
development come most often in the form of a multi-chip 



-2- 



module or a CSP (chip size package) . A multi-chip module 
is made up of a plurality of LSI chips mounted in bare fashion 
on a board. A CSP is constituted by a bare chip mounted on 
a board called a carrier, the chip being soldered onto the 
board by ball bonding. 

Any LSI under development and its corresponding FPGA 
differ in package sizes, connecting structures and pin 
assignments. To overcome the differences requires newly 
designing a logic verification board that will carry the 
FPGA intended for logic emulation. Package of FPGAs are 
generally structured as PGA (pin grid array} , QFP (quad flat 
package) or BGA (ball grid array) . To combine a plurality 
of FPGAs thus requires constructing an emulation device 
wherein the board for carrying the arrays is sufficiently 
enlarged or wherein the arrays are logically divided into 
a plurality of boards to be connected by means of a back plane 
board. In such cases, appropriate connecting means must be 
provided between the emulation device and the logic board 
that bears the LSI being developed. 

SUMMARY OF THE INVENTION 
It is therefore an object of the present invention to 
provide a logic module for logic verification and a logic 
emulation device, whereby the number of logic emulation 
steps is reduced. 



-3- 



It is another object of the present invention to 
provide a logic module for logic verification and a logic 
emulation device, such that there is no need to design a 
logic verification board anew. 

It is a further object of the present invention to 
provide techniques for implementing efficient cooling of a 
multi-chip module through heat conduction. 

In carrying out the invention and according to one 
aspect thereof, there is provided a logic module comprising: 
a board; at least one FPGA and at least one switching LSI 
mounted on at least one side of the board, the FPGA allowing 
internal gates to be programmed for logic implementation, 
the switching LSI permitting circuit interconnections to be 
programmed; connectors attached to the board for electrical 
connection with the outside; board wiring for directly 
connecting the FPGA to the connectors; and board wiring for 
coupling the FPGA to the connectors by way of the switching 
LSI. 

According to another aspect of the invention, there 
is provided a logic board targeted for logic verification, 
comprising: connectors for connection with logic modules ; 
and terminal lands on which to mount LSIs to be developed; 
wherein the connectors and the terminal lands are 
interconnected on a one-to-one basis . 

A logic module has its connectors coupled to those of 
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the logic board so that the module is mounted on the board 
targeted for verification. The logic board, on which an LSI 
to be developed is to be actually mounted, is thus prepared 
for logic verification. After the verification, the logic 
module may be dismounted from the logic board and the target 
LSI may be mounted on the board for evaluation. 

If an FPGA is needed, two or more logic modules of the 
above type may be stacked connectively through external- 
coupling connectors of the modules. This multiple-stage 
logic module arrangement makes it possible to expand the 
logic scale per unit packaging area. 

If the number of external terminals for LSIs mounted 
on one side of a logic module differs from the external 
terminal count on the other side, boards called LSI carriers 
may be used to arrange the terminal assignments into an 
identical land layout on both sides. With the two sides of 
the logic module having the same land layout, through-holes 
alone on the logic module board may be used to connect the 
identically located signal terminal lands, power supply 
lands and ground terminal lands. This provides a 
considerable improvement in the ease of design. 

Preferably, radiation plates may be attached to four 
corners of the inventive logic module with metal spacers 
interposed therebetween. Between the radiation plates on 
the one hand and various LSIs such as FPGAs and switching 
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LSIs attached to the logic module on the other hand, there 
may be provided heat conduction sheets that elastically 
conform to and snugly contact the shapes of these LSIs. Heat 
from the LSIs is dissipated through the heat conduction 
sheets and radiation plates. Because the heat conduction 
sheets elastically follow the LSI contours, LSIs of 
different heights mounted on the same board surface may 
still have their different elevations covered by the sheets . 
Since the radiation plates are attached to the four corners 
of the logic module with metal spacers interposed, it is 
possible to implement a cooling structure that will not 
interfere with component layout and wiring design. 

If a plurality of logic modules are stacked 
connectively, the heat from a lower-stage logic module may 
be thermally conducted through the flexibly bending heat 
conduction sheets to the radiation plates of an upper-stage 
logic module. The structure permits efficient cooling of 
the multiple-stage logic module setup. 

Other objects, features and advantages of the 
invention will become more apparent upon a reading of the 
following description and appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a top view of a logic module practiced as 
a first embodiment of the invention; 
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Fig. 2 is a bottom view of the logic module embodying 
the invent ion ; 

Fig. 3 is a cross-sectional view taken on line A-A' 
of the logic module shown in Figs . 1 and 2 ; 

Figs . 4 and 5 are schematic views showing how the 
inventive logic module is typically wired; 

Figs . 6A and 6B are a partial cross-sectional view and 
a plan view of a logic board where a logic module is to be 
mounted ; 

Fig. 7 is a schematic view of a logic board carrying 
an LSI under development; 

Fig. 8 is a schematic view of the inventive logic 
module mounted on a logic board; 

Figs. 9A and 9B are schematic views of multiple-stage 
logic module setups according to the invention; 

Fig. 10 is a diagrammatic view indicating how logic 
circuits of the logic module are typically wired; 

Fig. 11 is a schematic view of internal circuits in 
a switching LSI; 

Fig. 12 is a conceptual view illustrating how control 
circuits of the logic module are typically wired; 

Fig. 13 is a schematic view of a logic module practiced 
as a second embodiment of the invention ; 

Figs. 14A and 14B are schematic views of a cooling 
structure and a metal spacer for use with the inventive logic 
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module; 

Fig. 15 is a schematic view of a cooling structure for 
a multiple-stage logic module arrangement; 

Fig. 16 is a spread view of radiation plates on which 
a flexible heat conduction sheet is pasted; and 

Fig. 17 is a cross-sectional view of radiation plates 
to which a flexible heat conduction sheet is attached. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of this invention will now be 
described with reference to the accompanying drawings . Figs . 

1 through 3 show the first embodiment of a logic module 
according to the invention. Fig. 1 is a top view of the logic 
module; Fig. 2 is a bottom view of the logic module; and Fig. 
3 is a cross-sectional view taken on line A-A ' in Figs. 1 
and 2. 

As shown in Fig. 1, the face of a module board 2 
supports four programmable LSI s 4a (typically FPGAs) , with 
boards 3 6 called carriers interposed between the board and 
the LSIs. The carriers 36 will be described later with 
reference to Figs . 4 and 5 . The periphery of the module board 

2 carries connectors 3 for electrically and physically 
connecting the programmable LSIs 4a and switching LSIs 4b 
(in Fig. 2) to entities outside the logic module. 

As depicted in Fig. 2, the back of the module board 
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2 supports four programmable LSIs 4b with the carriers 3 6 
interposed therebetween. There are four connectors 3 for 
electrically and physically connecting the programmable 
LSIs 4a and switching LSIs 4b to the outside. A plurality 
of connectors including the many connectors for connection 
to external entities permit higher degrees of freedom in 
designing pseudo-LSIs. Although the face of the logic board 
has only two connectors, this is not limitative of the 
invention. As with the board back, the face may have more 
connectors mounted on its two remaining sides. 

Fig. 3 is a cross-sectional view taken on line A-A' 
of the logic module 1 . The first embodiment has the 
programmable LSIs 4a and switching LSIs 4b arranged in a ball 
grid array (BGA) , i.e. , laid out at constant intervals apart 
and connected by ball bonding. The solder ball spacing of 
this BGA is made smaller than the conventional 1.27 mm 
interval to reduce packaging area in order to expand the 
logic scale per unit area. . This type of BGA is called FBGA 
(fine pitch BGA) or CSP (chip size package) . LSI 
manufacturers have proposed ball-to-ball distances of 1.0 
mm, 0.8 mm, 0.75 mm, 0 . 65 mm and 0.5 mm to JEDEC and EIJA. 
Large-scale logic verification may be implemented by 
mounting a plurality of LSIs 4a and 4b on both sides of the 
module board 2, as is the case with the first embodiment. 

In Fig. 3, the LSIs 4a and 4b as well as the connectors 



are mounted in opposite fashion on both sides of the module 
board 2 . How the components are supported by the face and 
back of the board is described belowwith reference to Figs. 
4 and 5. Figs. 4 and 5 are enlarged cross-sectional views 
of the logic module 1 in Fig. 3, showing how the LSIs 4a and 
4b are wired. 

Fig. 4 depicts a case in which the LSIs 4a and 4b 
mounted in opposite fashion on both sides of the board are 
interconnected on a one-to-one basis. The face and back of 
the module board 2 support lands 31 and external wiring 
layers 32 connected to terminals of the LSIs 4a and 4b with 
the carriers 3 6 interposed therebetween. The external 
wiring layers 32 are located illustratively between the four 
LSIs 4a and 4b for connection therewith in the middle of the 
module board. The LSIs on both sides of the module board 
2 are interconnected across the board by through-holes 3 4 
which are positioned where appropriate and which connect the 
lands 31 with the external wiring layers 32. 

Fig. 5 shows how to connect not only the LSIs 4a and 
4b positioned in opposite relation with one another on both 
sides of the module but also LSIs 4a and 4b otherwise located. 
Blind holes 3 5 are provided on the two sides to connect the 
external and internal wiring layers 32 and 33. The logic 
LSIs 4a and 4b in asymmetrically opposed relation to one 
another are interconnected by the internal wiring layers 33 , 
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with blind holes 3 5 connected to through-holes 34 inside the 
module board 2 . 

The connectors, programmable LSIs and switching LSIs 
constituting the logic module are linked by the through- 
holes 34 shown in Fig. 4, and by the blind holes 3 5 and 
internal wiring layers 33 in Fig. 5. 

In Figs. 4 and 5, if the number of external terminals 
of LSIs 4a and 4b on one side of the logic module 1 differs 
from the external terminal count on the other side, the 
carriers 3 6 may be used to arrange the terminal assignments 
into an identical land layout on both sides. This provides 
a correspondingly opposite packaging setup on the face and 
back of the board, making connections easier by use of the 
through-holes 35. Illustratively, the LSIs 4a on the face 
and the LSIs 4b on the back may be mounted on lands which 
are arranged in opposite fashion across the board and which 
accommodate the signal terminals of the same signals, 
terminals of the same power supply, and ground terminals of 
the LSIs in question. This arrangement allows the 
connectors to be coupled directly by means of through-holes 
34, which makes wiring design easier. If the lands for the 
above -de scribed terminals are not located in opposite 
relation with one another across the board, they are 
connected by means of blind holes 3 5 spanning the internal 
wiring layers 3 3 and by appropriately located through-holes 
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34, as shown in Fig. 5. The same also applies to the 
connectors positioned in opposite fashion on both sides of 
the board. 

Although not shown for the first embodiment, the LSIs 
mounted on the same surface are connected by means of the 
external wiring layers 32 through the blind holes 35 and 
internal wiring layers 33. Thus the regions for wiring 
between the LSIs 4a and 4b are constituted by element 
placement lands 31 and by regions for wiring with the 
through-holes 34 connected to the blind holds 3 5 via the 
internal wiring layers 33. The structure boosts packaging 
efficiency and contributes to reducing the size of the logic 
module . 

The first embodiment adopts a hole-on-pad arrangement 
in which through-holes are formed directly under the element 
placement lands 31. Alternatively, the through-holes may 
be located in offset relation with the lands 31. 

The module board 2 is a serially layered board pierced 
with through-holes and made up of two multi-layer boards 
bonded together, each multi-layer board having an external 
wiring layer 32 and at least one internal wiring layer 33 
interconnected by through-holes . Alternatively, the module 
board 2 may be a build-up board having both through-holes 
and blind holes for linearly connecting the external wiring 
layer with desired internal wiring layers. 
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Figs. 6A and 6B depict a logic board 21 for supporting 
the logic module 1. Fig. 6A is a cross-sectional view of 
the logic board 21 on which to mount the logic module 1 . The 
logic board 21 comprises stacking type receptacle 
connectors 22 to which to connect the logic module 1, lands 
63 carrying the connectors, and a land 62 for upholding an 
LSI 61 targeted for development. The logic module 1 is 
equivalent in size to the LSI 61 being developed. The land 
62 is located under the module 1. 

Suppose that in Fig. 6A, a terminal (e.g., ground 
terminal} of the target LSI 61 connected to a land 62a has 
the same function as a terminal 63a of the connector 2 2 
coupled to the logic module 1. In such a case, the land 62a 
is linked to the connector 22 via through-holes 64 and wiring 
65 on the back of the logic board 21. Similarly, a land 62b 
is connected to a terminal 63b via wiring 66 on the face of 
the logic board 21. In other words, the lands 63 carrying 
the connectors and the lands 62 supporting the target LSIs 
61 are interconnected on a one-to-one basis. By such an 
arrangement wherein the land 62 carrying the logic module 
1 is connected to the land 63 supporting the connectors on 
a one-to-one basis, it is possible to mount both the logic 
module 1 and the target LSI 61 on the same logic board 21. 

Fig. 6B is a plan view of the logic board 21 . The logic 
board 21 has four connectors 22 with respect to one logic 
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module 1. The logic board 21 also carries other elements 
67, 68 and 69 for use in logic verification of non- targeted 
LSIs such as processors and memories connected to the 
connector lands 63 and the target LSI lands 62 . 

Fig. 7 schematically shows the logic board 21 carrying 
the LSI 61 under development. After logic verification, the 
logic module 1 may be dismounted from the board 21 and the 
target LSI 61 may be attached to the board for evaluation. 
There is no need for designing a logic board 21 anew for 
evaluating the target LSI following its logic verification. 
The connectors 22, left intact on the logic board 21, may 
be used as terminals for waveform observation while the 
target LSI 61 is being evaluated. 

Fig. 8 is a schematic view of the inventive logic 
module 1 as it is mounted on the logic board 21. The logic 
module 1 and the logic board 21 are connected by means of 
connectors 23 located on the back of the logic module 1, and 
by the connectors 2 2 furnished on the logic board 21 in 
opposite relation with the connectors 23. In the first 
embodiment, the connectors 23 on the back of the logic module 
1 are stacking type plug connectors while the connectors 22 
on the logic board 21 are stacking type receptacle 
connectors . 

With the first embodiment, the face of the logic 
module 1 also has connectors 22b for stacking another logic 
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module 1. The stacking connectors 22b need not be of the 
same type as the connectors on the logic board 21. However, 
it is preferred that the face of the module have stacking 
type receptacle connectors 22 of the same type as that of 
the connectors on the logic board 21 in opposite relation 
with the connectors on the back side. The arrangement 
facilitates the connection of signal lines in stacking two 
more logic modules 24 of the same function or a plurality 
of logic modules 25 having different functions. Such a 
multi-stage module makeup promotes expansion of the logic 
scale and extensions in functionality. 

Figs. 9A and 9B are schematic views of multiple-stage 
logic module setups according to the invention. Fig. 9A 
shows a case in which one side of the logic board 21 supports 
logic modules 1, 24 and 25. The logic modules to be stacked 
need not have the same function. These modules may 
illustratively comprise a logic module of circuits for 
setting a configuration upon logic verification, and a logic 
module made up of memory circuits. 

As described above, the connectors on the face of the 
logic module 1 and those on the back side may be located so 
that terminals of the same power supply, ground terminals, 
and control terminals of clock, reset and other signals may 
correspond to one another in opposite fashion on the two 
sides of the module. The arrangement permits a plurality 
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of logic modules to be stacked in any desired sequence. 

Furthermore, the connectors on the face of the topmost 
logic module 2 5 may be used as terminals for waveform 
observation in logic verification. 

Fig. 9B shows a case wherein logic modules 1 are 
mounted on both sides of the logic board 21. The logic board 
21 has the connectors on one side located in opposite 
relation with those on the other side, the connectors 
allowing logic modules 1 to be mounted on both sides of the 
logic board 21. Although the back of the logic board 21 for 
the first embodiment is shown supporting one logic module, 
this is not limitative of the invention. Alternatively, the 
back side may have a plurality of modules stacked in the same 
manner as the face side. 

Logical connections of the inventive logic module 1 
will now be described with reference to Figs . 10 through 12 . 
Fig. 10 is a diagrammatic view indicating how logic circuits 
of the logic module 1 are typically wired. 

The logic module 1 comprises programmable LSIs 4a 
(101a to 10 Id) for programming logic circuits such as FPGAs, 
switching LSIs 4b (102a to 102d) for programming connections 
between external terminals, interface connectors 3 (103a to 
103d) for interfacing with a logic board or other device 
external to the logic module 1, interface connectors 3 (104a, 
104b) for interfacing with another logic module or like 
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external device, and logic signal lines 10 8 through 112 for 
interconnecting the components . 

The programmable LSIs 101a through lOld have a 
plurality of logic data programmed to represent divided 
logic circuits of the target LSI so that large-scale logic 
verification is carried out using the logic module 1. To 
connect the divided logic circuits in the programmable LSIs 
101a through lOld requires setting up connections between 
the LSIs 101a through lOld. A one-to-one network connecting 
two of the programmable LSIs 101a through lOld is 
implemented by use of logic signal lines 107 for such network 
purposes . A one-to-two network and other networks involving 
the connection of more than two programmable LSIs requires 
using signal lines 108 by way of the switching LSIs 102a 
through 10 2d. 

The switching LSIs 102a through 102d interconnect by 
programming the programmable LSIs 101a through lOld or the 
interface connectors 103a through 103d, 104a and 104b. Fig. 
11 is a schematic view of internal circuits in the switching 
LSI 102a. The switching LSI 102a is made up of MOS 
transistors 200a through 200d and storage elements 201a 
through 201d. Logic signal wires 108a through 108d, 
connected to the switching LSI 102a, are also coupled to the 
programmable LSIs 101a through 10 Id respectively. 

Typically, the logic signal line 108a is connected via 
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the MOS transistors 200a through 200d to the logic signal 
lines 108b through 108d inside the switching LSI 102a. To 
establish a one-to-two network wherein the logic signal line 
108a is to be connected to the logic signal lines 108b and 
108c requires writing logic data to the storage elements 
201a and 201b so as to turn on the MOS transistors 200a and 
200b. It is also necessary to write logic data to the storage 
elements 201c and 2 Old in order to activate the MOS 
transistors 200c and 200d. This connects the logic signal 
lines 108a, 108c and 108d. That is, a desired connective 
setup is acquired by writing appropriate connection data to 
the storage elements 201a through 201d in the switching LSI 
102a. 

Returning to Fig. 10, the device interface connectors 
103a through 103d serve to connect the logic module 1 with 
the logic board. Signal lines 109 from the programmable LSIs 
101a through 10 Id are directly connected to the device 
interface connectors 103a. through 103d. If there are 
constraints on connector pin assignments, signal lines 111 
may be selected by the switching LSIs 102a through 10 2d for 
the connection by way of the signal lines 108. 

As with the device interface connectors 103a through 
103d, the external interface connectors 104a and 104b may 
be connected in one of two ways: either signal lines 110 
directly connectable to the programmable LSIs are used for 
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the connection, or signal lines 112 are selected by the 
switching LSIs 102a through 102d for the connection by way 
of the signal lines 108. 

When an oscilloscope is connected to any one of the 
external interface connectors 104a through 104d to observe 
signals between a RAM module on the one hand and the FPGAs 
101a through 10 Id on the other hand, it is possible to 
establish the connection through the signal lines 110 and 
108a through 108d. 

Conventionally, where all lines between the FPGAs 
101a through lOld were connected to the switching LSIs 102a 
through 102d via the signal lines 108a through 108d, there 
was a bottleneck: the degree of freedom in wiring was 
increased but the number of I/O pins on the switching LSIs 
102a through 102d became limited. Where only the logic 
signal lines 107 were used to wire the FPGAs 101a through 
lOld, there was the problem of losing the degree of freedom 
in pin assignments on the FPGAs 101a through lOld, which 
lowered logic packaging density. According to the invention, 
the FPGAs and the switching LSIs are mounted on both sides 
of the logic module 1 in opposite relation with one another. 
This makes it possible to achieve an optimum trade-off 
between the above-described two connecting methods, 
allowing a high degree of freedom in wiring while minimizing 
the number of pins on the switching LSIs. 
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Where the first embodiment is implemented, as is in 
general practice these days, with 3 80 pins for the 
programmable LSIs, 32 0 pins for the switching LSIs, and 112 
pins for the connectors, the external interface connectors 
are connected to the following lines: 38 out of the lines 
between the programmable LSIs, 55 of the lines between the 
programmable LSIs on the one hand and the switching LSIs on 
the other hand, 75 of the lines between the device interface 
connectors on the one hand and the switching LSIs on the 
other hand, 37 of the lines between the device interface 
connectors on the one hand and the programmable LSIs on the 
other hand, 2 5 of the lines between the switching LSIs on 
the one hand and the external interface connectors on the 
other hand, and 31 of the lines between the programming LSIs 
on the one hand and the paired switching LSIs on the other 
hand. There is an optimal trade-off in terms of divided 
wiring between the direct coupling of the interface 
connectors to the programmable LSIs for high-speed network 
performance on the one hand, and a high degree of freedom 
in pseudo-LSI design on the other hand. 

The lines whose numbers were mentioned above include 
control line such as "WRITE COMMAND " and "WRITE DATA" for 
the mapping of divided logic circuits of pseudo-LSIs into 
the programmable LSIs and switching LSIs, as well as power 
supply and ground lines for use by the programmable and 
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switching LSIs . Aside from the power supply lines, the 
embodiment of the invention is particularly noted for the 
fact that, of the data lines (user pins) used for data and 
control signal exchanges during emulations following the 
mapping of pseudo-LSI data, the lines directly linking the 
connectors to the programmable LSIs are located in mixed 
fashion with those connected through the switching LSIs to 
one of the programmable LSIs. The switching LSIs and the 
programmable LSIs are interconnected in a crossbar 
connection arrangement . 

Fig. 12 shows a multiple -layer logic emulation device 
similar to one of those in Fig. 9, wherein a logic module 
lb and a log control board 160 are mounted on top of a logic 
module la, the components being in turn mounted on a logic 
board 21. 

In the logic module la, the lines for logic data write 
control signals are constituted by control signal lines 13 0a 
through 13 6a for the programmable LSIs 101a through lOld and 
by control signal lines 12 0a through 12 6a for the switching 
LSIs 102a through 102d. 

Likewise, in the logic module lb, the lines for logic 
data write control signals are constituted by control signal 
lines 130b through 13 6b for the programmable LSIs lOle and 
lOlf and by control signal lines 120b through 12 6b for the 
switching LSIs 102e and 102 f. 
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The control circuit logic board 160 is made up of ROMs 
164a and 164b in which logic data are written, and of control 
circuits 163a and 163b. 

Logic data programmed in the programmable LSIs lOle 
through lOlh are output illustratively from the ROM 164a to 
the control signal line 134b through the control circuit 
163b, control signal line 130b, and programmable LSI lOle. 
From the control signal line 134b, the data are sent to the 
programmable LSIs lOlf through lOlh in the next stage. Then 
the data are forwarded from the logic module lb to the logic 
module la through the control signal line 131a. In the logic 
module la, as in the logic module lb, the data are 
transferred from the control signal line 130a to the 
programmable LSIs 101a and 101b via the control signal lines 
134a through 13 6a. Past an external line 141 and through 
the control signal lines 132a and 132b, the data are returned 
to the control circuit logic board 160. Control signals to 
be input parallelly into .the programmable LSIs 101 are 
conveyed over the control signal lines 13 3b and 13 3a by way 
of the control circuit logic board 160. 

In the manner described, logic write operations are 
made possible where a plurality of logic modules are mounted 
on one logic module. The same control signal lines are 
connected as terminals to both the external interface 
connectors 104a and 104b and the device interface connectors 
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103a and 103b. This setup allows the logic circuits of the 
control circuit logic board 160 to be mounted and controlled 
on a device board 170. Where the control signals are 
connected to both the device interface connector 103 and the 
external interface connector 104, control operations maybe 
effected through the two connectors. 

If a single logic module la is to be controlled, 
continuous control signals are input to the control circuit 
logic board 170 by way of the control signal line 130a, 
programmable LSIs 101a through 10 Id, and control signal line 
131a. This arrangement eliminates the need for the external 
line 141 of the device board 170 . 

Although handling of logic data was shown limited to 
the control circuit logic board 160 above, this is not 
limitative of the invention. Alternatively, a terminal of 
a personal computer or like equipment may be connected to 
an external terminal 151. In that case, the control circuit 
logic board 160 is taken over by the PC for control purposes. 

Fig. 13 is a schematic view of a logic module practiced 
as the second embodiment of the invention. A logic module 
81 has cavities 83 formed on one or both sides of a module 
board 82. A plurality of logic LSIs 4 are installed in the 
cavities. Peripheral portions of the board are furnished 
with terminal lands 84 for electrical connection to the 
outside. The height of the logic LSIs 4 is accommodated by 
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the depth of the cavities. The external connection terminal 
lands provide connection to a logic board and permit 
stacking a plurality of logic modules of the same or 
different functions. 

The terminal lands 84 are positioned so that power 
supply and ground terminals, as well as control terminals 
for clock, reset, and other signals may be positioned in 
opposite relation with one another on both sides of the board. 
This arrangement allows a plurality of modules to be stacked 
in any order desired. The terminal lands 84 are connected 
to the corresponding terminals illustratively by soldering. 

In making connections by soldering, it is possible to 
take advantage of the substance possessing a property of 
self -alignment by surface tension. That is, slight 
misalignments of connections are absorbed by solder with its 
self-aligning characteristic. For example, if the 
connective misalignment is up to one-third of the land 
diameter, the self -alignment effect is expected to fully 
compensate the discrepancy. 

A cooling structure for the logic module 1 will now 
be described with reference to Figs. 14A through 17. Figs. 
14A and 14B are schematic views of a typical cooling 
structure for use with the inventive logic module. 

In Fig. 14A, four corners of the logic module 1 are 
furnished with radiation plates 42 with metal spacers 43 
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interposed therebetween. The radiation plates 42 are topped 
with cooling fins or a cooling fan 44 . Heat conduction 
sheets 41 are interposed between the radiation plates 42 on 
the one hand and the logic LSIs 4 such as FPGAs mounted on 
the logic module 1 on the other hand. The heat conduction 
sheets 41 elastically conform to and snugly contact the 
shape of each logic LSI 4 . Heat from the LSIs 4 is dissipated 
through the heat conduction sheets 42 which in turn are 
cooled by the cooling fins or cooling fan 44. A heat 
conduction sheet 41 is typically made of silicon rubber 
having metal particles of silver or like metal of high 
thermal conductivity dispersed as fillers in the elastic 
substance. A radiation plate is illustratively formed by 
copper or aluminum. The metal spacer is typically composed 
of brass plated with nickel . 

Fig. 14B is a cross-sectional view of a metal spacer 
43. The metal spacers 43, each having a tapped hole 47 as 
well as a tap 48, maybe connected one after another in series 
Screws 45 are used to attach a radiation plate 42 to metal 
spacers 43 . The metal spacers 43 are also used to fix the 
logic module 1 to the logic board 21, with the logic board 
21 fastened with nuts 46 on its back. 

As indicated, the heat conduction sheets 41 
accommodate different heights of multiple LSIs on the same 
surface for collective cooling. Such a heat conduction- 
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based cooling structure alleviates mechanical stress 
exerted on LSI chips mounted face down in flip-chip 
packaging. 

If the radiation plate 42 and the module board 2 are 
arranged to approximate each other in terms of thermal 
expansion coefficient, both are protected against 
deflection due to a difference of the coefficient. Such an 
arrangement also enhances the radiation effect by 
increasing the adhesion between the LSI chips and heat 
conduction sheets as well as between the heat conduction 
sheets and the radiation plates. For example, common glass 
epoxy plates have a thermal expansion coefficient of about 
15 ppm/ C while copper plates have the coefficient of 17 ppm/ 
C . With their thermal expansion coefficients in approximate 
coincidence, the two substances may be used advantageously 
to provide effective cooling. 

The metal spacers are located in the four corners of 
the module board. The locations of the spacers do not 
interfere with the layout of parts and wiring, which makes 
logic module design easier. 

Although the cooling structure example shown in Fig. 
14A addresses a single logic module, this is not limitative 
of the invention. The same structure may also be applied 
to a multiple-stage logic module setup. 

Fig. 15 is a schematic view of a cooling structure for 
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a multiple-stage logic module arrangement. In Fig. 15, the 
cooling structure on the face of a lower-stage logic module 
1 is the same as that of Fig. 14A and thus will not be 
described further. Heat generated by LSIs on the back of 
an upper-stage logic module 1 is thermally conducted to a 
radiation plate 42 on the face of the lower-stage logic 
module 1. One edge of a freely flexible heat conduction 
sheet 51 is attached to the radiation plate 42 by means of 
heat conduction adhesive 52. Another edge of the heat 
conduction sheet 51 is attached to a radiation plate on the 
face of the upper-stage logic module also using the heat 
conduction adhesive 52. This structure ensures efficient 
heat conduction. The freely flexible heat conduction sheet 
51 is illustratively structured as a flexible board, e.g., 
a polyimide tape plated with copper foil about hundreds of 
micrometers thick, or a graphite sheet made from a polymer 
plastic sheet turned into a crystal structure at high 
temperature. A graphite, sheet called PGS (pyrolytic 
graphite sheet) is available from Matsushita Electric 
Industrial Co., Ltd. in Japan. 

Fig. 16 is a spread view of radiation plates on which 
a flexible heat conduction sheet is pasted. Fig. 17 is a 
cross-sectional view of such a sheet-plate combination. 

In the manner described above, the heat from the 
lower-stage logic module 1 and the heat from the LSIs on the 
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back of the upper-stage logic module 1 are thermally 
conducted to the radiation plates of the upper-stage logic 
module 1 via the flexible heat conduction sheet 51. The heat 
thus conveyed is dissipated by the cooling fins or cooling 
fan 44 attached to the radiation plates. 

As described and according to the invention, a 
plurality of logic LSIs are mounted on a single logic module, 
and these LSIs are interconnected either directly or by way 
of switching LSIs . This provides a module setup that ensures 
efficient wiring in the smallest possible space for element 
placement . Where an external connector arrangement is used, 
a multiple-stage module setup is made available for further 
logic expansion per unit area. The logic LSIs are directly 
connected to the logic board targeted for logic verification. 
After the logic verification, the LSI under development is 
mounted on the board with no need to design another logic 
board. In addition, a cooling structure that enhances heat 
conductivity while alleviating stress on LSI chips without 
obstructing the component layout is provided to cool 
efficiently not only an individual module but also a 
multiple-stage module setup. Where logic modules are 
configured by programmable LSIs for programming logic and 
by switching LSIs for programming connections, the 
inventive arrangement permits a high degree of freedom in 
wiring while minimizing the number of pins on the switching 
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LSIs. With control signals connected to both the device 
interface connector and the external interface connector, 
control operations are made possible through the two 
connectors . 

As many apparently different embodiments of this 
invention may be made without departing from the spirit and 
scope thereof, it is to be understood that the invention is 
not limited to the specific embodiments thereof except as 
defined in the appended claims. 
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WHAT IS CLAIMED IS: 

1. A logic emulation module comprising: 

a plurality of programmable LSIs capable of 
programming logic ; 

a plurality of switching LSIs capable of programming 
connections ; 

connectors for electrical connection to entities 
external to the module ; 

a board on which to mount said plurality of 
programmable LSIs, said plurality of switching LSIs and said 
connectors; and 

wiring furnished on said board for carrying data 
during emulation; 

wherein said wiring at least includes lines for 
directly coupling said connectors to said programmable LSIs 
and lines for linking said connectors to said programmable 
LSIs by way of said switching LSIs. 

2. A logic emulation module according to claim 1, 
further comprising lines for connecting each programmable 
LSI to said plurality of switching LSIs. 

3. A logic emulation module according to claim 1, 
further comprising lines for connecting each switching LSI 
to said plurality of programmable LSIs. 
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4. A logic emulation module according to claim 2, 
further comprising lines for connecting each switching LSI 
to said plurality of programmable LSIs. 

5. A logic emulation module according to claim 1, 
wherein said plurality of programmable LSIs and said 
plurality of switching LSIs are mounted on a face and a back 
of said board. 

6. A logic emulation module according to claim 5, 
wherein said LSIs are mounted in opposite fashion on said 
face and said back of said board, and wherein signal lands 
shared by said LSIs are positioned in opposite fashion on 
the two sides of said board, said signal lands being 
interconnected by use of through-holes . 

7. A logic emulation module according to claim 6, 
wherein said programmable LSIs are mounted on said face of 
said board, and said switching LSIs and connectors for 
connection to a logic board are mounted on said back of said 
board. 

8. A logic emulation module according to claim 1, 
wherein said connectors are furnished on a face and a back 
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of said board. 

9. A logic emulation module according to claim 8, 
wherein, of pins on said connectors, at least those for power 
supply and ground lines are positioned in opposite fashion 
on said face and said back of said board and connected by 
use of through-holes. 

10. A logic emulation board comprising: 
a board ; 

connectors for connection to logic emulation modules 
mounted on said board; and 

terminal lands for supporting an LSI targeted for 
development and mounted on said board. 

11. A logic emulation board according to claim 10, 
further comprising board wiring for connecting pins of said 
connectors to said terminal lands on a one-to-one basis. 

12 . A logic emulation device made of a logic emulation 
board and a logic emulation module connected to said logic 
emulation board; 

wherein said logic emulation board includes: 

a board ; 

connectors for connection to said logic emulation 
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module mounted on said board; and 

terminal lands for supporting an LSI targeted for 
development and mounted on said board; and 

wherein said logic emulation module includes: 

a plurality of programmable LSIs capable of 
programming logic ; 

a plurality of switching LSIs capable of programming 
connections ; 

connectors for electrical connection to said logic 
emulation board ; 

a board on which, to mount said plurality of 
programmable LSIs, said plurality of switching LSIs, and 
said connectors; and 

wiring furnished on said board and carrying data 
during emulation, said wiring at least including lines for 
directly coupling said connectors to said programmable LSIs 
and lines for linking said connectors to said programmable 
LSIs by way of said switching LSIs. 

13 . A logic module on a board, at least on one side 
of said board comprising: 

a plurality of programmable logic elements ; 

connectors for exchanging input and output signals to 
and from said plurality of programmable logic elements; and 

switching elements for controlling connections 



-33- 



between said plurality of programmable logic elements; 

wherein said, plurality of programmable logic elements 
are connected either to said connectors or to said switching 
elements; and 

wherein logic data for logic verification are 
programmed in said plurality of programmable logic 
elements . 

14 . A logic module according to claim 13 , wherein said 
connectors are furnished on a first and a second side of said 
board at the same edge thereof, and wherein some of 
oppositely located terminals of said connectors on said 
first and said second side of said board transmit the same 
signal each. 

15 . A logic module according to claim 13 , wherein said 
plurality of programmable logic elements are furnished on 
at least part of a first side of said board; 

wherein said switching elements are located on a 
second side of said board in opposite relation with said 
plurality of programmable logic elements; 

wherein a second board with a predetermined land 
layout is interposed between said plurality of programmable 
logic elements or said switching elements on the one hand 
and said board on the other hand; and 
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wherein some of terminals provided for said plurality 
of programmable logic elements and dealing with the same 
signals as some of terminals provided for said switching 
elements are connected to the latter terminals by 
through-holes furnished on said second board. 

16. A logic board for carrying integrated circuits, 
comprising : 

a plurality of terminal lands for connecting 
terminals of said integrated circuits to said logic board; 
and 

connectors for connection to a logic module 
supporting programmable logic elements in which logic of 
said integrated circuits is programmed; 

wherein said plurality of terminal lands and said 
connectors are located in peripheral portions of said logic 
board where said integrated circuits are mounted; and 

wherein said terminal lands and terminals of said 
connectors are linked on a one-to-one basis. 

17. A logic verification system connecting, for logic 
verification, a logic module implementing logic of 
integrated circuits to a logic board carrying said 
integrated circuits ; 

wherein said logic module mounted on at least one side 
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of said logic board includes: 

a plurality of programmable logic elements ; 

a first connector for exchanging input and output 
signals to and from said logic elements; and 

switching elements for controlling connections 
between said plurality of programmable logic elements; 

wherein said logic board includes : 

a plurality of terminal lands for connecting 
terminals of said integrated circuits to said logic board; 
and 

a second connector for connecting said logic module 
to peripheral portions of said logic board where said 
integrated circuits are mounted; 

wherein said plurality of programmable logic elements 
are connected to either said first connector or to said 
switching elements; 

wherein logic data for logic verification are 
programmed in said plurality of programmable logic 
elements ; and 

wherein said terminal lands and terminals of said 
second connector are linked on a one-to-one basis. 

18. An integrated circuit having undergone logic 
verification by a logic verification system connecting a 
logic module implementing logic of said integrated circuit 
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to a logic board carrying said integrated circuit ,- 

wherein said logic module mounted on at least one side 
of said logic board includes: 

a plurality of programmable logic elements; 

a first connector for exchanging input and output 
signals to and from said logic elements; and 

switching elements for controlling connections 
between said plurality of programmable logic elements ; 

wherein said logic board includes : 

a plurality of terminal lands for connecting 
terminals of said integrated circuit to said logic board; 
and 

a second connector for connecting said logic module 
to peripheral portions of said logic board where said 
integrated circuit is mounted; 

wherein said plurality of programmable logic elements 
are connected to either said first connector or to said 
switching elements ; 

wherein logic data for logic verification are 
programmed in said plurality of programmable logic 
e 1 emen t s ; and 

wherein said terminal lands and terminals of said 
second connector are linked on a one-to-one basis . 



19 . An integrated circuit fabricating method 
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comprising the steps of: 

mounting, on a logic board subject to logic 
verification, a logic module comprising a plurality of 
programmable logic elements and switching elements in which 
connections between said logic elements may be programmed; 

writing logic data to said programmable logic 
elements ; 

verifying said logic data by use of said logic board 
and said logic module; and 

generating circuits such as to implement the verified 
logic data. 

20. A logic module comprising: 

a plurality of programmable large-scale integrated 
circuits in which logic may be programmed; 

a plurality of switching large-scale integrated 
circuits in which connections may be programmed; 

a board for supporting said programmable large-scale 
integrated circuits and said switching large-scale 
integrated circuits ; 

a connector for transmitting signals of said 
programmable large-scale integrated circuits ; 

first wiring for connecting said programmable 
large-scale integrated circuits to said switching large- 
scale integrated circuits; 
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second wiring for interconnecting said programmable 
large-scale integrated circuits ; 

third wiring for connecting said large-scale 
integrated circuits to said connector; and 

fourth wiring for connecting said switching large- 
scale integrated circuits to said connector ; 

wherein said first through said fourth wiring are used 
to connect logic signals constituting logic. 

21. A logic module according to claim 20, wherein said 
connector is made of a first and a second connector located 
in opposite relation with each other on said logic board; 

wherein oppositely positioned first terminals of said 
first and said second connector transmit a first control 
signal connected in parallel to said programmable large- 
scale integrated circuits and said switching large-scale 
integrated circuits; 

wherein oppositely positioned second terminals of 
said first and said second connector transmit an input 
signal of a second control signal connecting said 
programmable large-scale integrated circuits to said 
switching large-scale integrated circuits in series; and 

wherein oppositely positioned third terminals of said 
first and said second connector transmit an output signal 
of said second control signal connecting said programmable 
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large-scale integrated circuits to said switching large- 
scale integrated circuits in series. 

22 . A multi-chip module having a plurality of 
integrated circuits mounted on a board, said multi-chip 
module comprising: 

radiation plates for covering said integrated 
circuits ; 

metal spacers ; and 

a heat conduction sheet interposed between said 
integrated circuits on the one hand and said radiation 
plates on the other hand. 

23. A multi-chip module according to claim 22, 
wherein said integrated circuits are mounted on a first and 
a second side of said board; 

wherein said first and said second side of said board 
are provided with said radiation plates ; 

wherein one edge of a flexible heat conduction sheet 
is attached to the radiation plates on said first side of 
said board; and 

wherein another edge of said flexible heat conduction 
sheet is attached to the radiation plates on said second side 
of said board. 
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ABS TRACT OF THE DISCLOSURE 
Disclosed herein is an improved logic module used for 
logic emulation along with an enhanced logic emulation board 
subject to logic verification. The logic module has a 
plurality of programmable LSIs capable of programming logic 
and a plurality of switching LSIs capable of programming 
connections, the LSIs being mounted on one or both sides of 
a board. Peripheral portions of the board carry connectors 
for electrical connection to the outside. There are two 
types of data lines: those directly coupling the connectors 
to the programmable LSIs, and those linking the connectors 
to the programmable LSIs via the switching LSIs. The 
programmable and switching LSIs constitute a crossbar 
connection arrangement . The logic emulation board has 
connectors for connection to a logic emulation module, and 
lands for supporting LSIs targeted for development. Pins 
of the connectors and the lands are interconnected on a 
one-to-one basis. Also disclosed here is an upgraded module 
structure permitting a multiple-stage module setup together 
with an advanced cooling structure for modules.* 



-7 T -f )h = K98 0 5 2 91 1A1 . ^ - y ( 1X11) 

ftrr f : i 




-7 7 >f 71/ = K 98 0 5 2 9 1 1A1 



^- V ( 2/ 11) 




77>f ;i/ = K980 529 11Al 



( 1/ 11) 




7 r W ;V = K980 5 29 1 1A1 



^ - y ( 5X11) 





7 7 -f Jl/ = K98Q 5 2 9 1 1A1 



6/ 11) 




77^ = K93Q 5 2 9 1 1A1 K - ¥ ( 1 / 11) 




7 T <i = K9 8 0 5 2 9 1 1A1 8/ 11) 



<£ U I 

t4 



200c 
2 0 1 d 



$4° 



7 T -i )V = K98052911A1 



^- V ( 9/11) 



cm i 2 1 



-Id, 



U2t 
123b 



12 1b 



3 4b L3Sb 133b 



1 3 0 b v-^-i 
13 1 b Ar 



ion -^-3 ioie 



'1 J2b 
'13 3 1) 



12 4b t 2 S b 126b 



102« 6-^- iQ2f t 0 2 5 6 "^- 



1 3 o r 
1 3 l ^'-^r 



| . w l a 

1-3 41 i a 5 a TTil ? 

^ tQla i 10 ih X Idle |i 10 Id — 1 



~" | 10 *[ t02T> |^- 102c ^~ lOZi 



h 103. p To! 



2 



77^ = K98Q 529 11A1 



^ - V ( 10/ 11) 




7 r-f ;i/ = K9805291 1Al 



^- y ( 11/ 11) 




5 1 



349805291US1K 
H-782 

LIST OF INVENTORS' NAMES AN D ADDRESSES 

Hiroshi ITO, Kanagawa-ken, JAPAN; 
Akira YAMAGIWA, Kanagawa-ken, JAPAN; 
Nobuaki EJIMA, Kanagawa-ken, JAPAN* 
Ryoichi KURIHARA, Kanagawa-ken, JAPAN; 
Masakazu SAKAUE, Kanagawa-ken, JAPAN; 
Yasuhiro UEMURA, Kanagawa-ken, JAPAN. 



COMBINED DECLARATION AND POWER OF ATTORNEY 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, I believe I am the original, 
first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent is sought on the invention entided: 
Unites States Patent Application for Logic Emulation Module and Logic Emulation Board 



the specification of which : (check one) [x] is attached hereto. 

I | was filed on 



as Application Serial No. _ 
and was amended on 



(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, includ- 
ing the claims, as amended, by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information known 
to me which is material to patentability in accordance with Tide 37, Code of Federal Regulations, §1.56. 

I hereby claim foreign priority benefits under Tide 35, United States Code, §119 of any foreign applica- 
tion^) for patent or inventor's certificate listed below and have also identified below any foreign application(s) for 
patent or inventor's certificate or any PCT international application(s) designating at least one country other than 
the United States of America filed by me on the same subject matter having a filing date earlier than that of the 
application(s) on which priority is claimed: 

Prior Foreign Application(s) Priority Claimed 

E □ 



10-161813 


Japan 




June 10, 1998 


(Number) 


(Cou 


ntry) 


(Day/Month/Year Filed) 


(Number) 


(Cou 


ntiy) 


(Day/Month/Year Filed) 



□ □ 



(Day/Month/Year Filed) 



I hereby claim the benefit under Tide 35, United States Code, 120 of any United States application(s) or PCT 
international application(s) designating the United States of America that is/are listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in that/those prior application(s) in the 
manner provided by the first paragraph of Tide 35, United States Code § 112, I acknowledge the duty to discolse to 
the United States Patent and Trademark Office all information known to me to be material to patentability as 
defined in Tide 37, Code of Federal Regulations, § 1.56 which became available between the filing date of the prior 
application and the national or PCT international fiiling date of this application : 



(Application Serial No.) 



(Application Serial No.) 



(Continued on Page 2) 



Page 2 

1 hereby appoint the following attorneys/agents to prosecute this application and transact all business in the Patent and 
Trademark Office connected therewith and with any divisional, continuation, continuation-in-part, reissue or re-exanii nation 
application with full power of appointment and substitution of associate attorneys and agents, and to receive all patents which 
may issue thereon: Thomas E. Beall, Jr., Reg. No. 22,410; Michael J. Colitz, Reg. No. 37,010; Joseph D. Dreher, Reg. No. 
37,123; Christopher B. Fagan, Reg. No. 22,987; Jude A. Fry, Reg. No. 38,340;John X. Garred, Reg. No. 31,830; Michael E. 
Hudzinski, Reg. No. 34,185; Jeffrey M. Ketchum, Reg. No. 3 1,174; Richard M. Klein, Reg. No. 33,000; Thomas E. Kocovsky, 
Jr., Reg. No. 28,383; Sandra M. Koenig, Reg. No. 33,722; Petar Kraguljac, Reg. No. 38,520; Scott A. McCollister, Reg. No. 
33.961; James W. McKee, Reg. No. 26,482;Shrinath Mahir, Reg. No. 34,663; John R. Mattingly, Reg. No. 30,293; Richard J. 
Minnich, Reg. No. 24,1 75; Jay F. Moldovanyi, Reg. No. 29,678; Philip J. Moy, Reg. No. 31,280; Timothy E. Nauman, Reg. No. 
32,283; Sue Ellen Phillips, Reg. No. 32,046; Patrick R. Roche, Reg. No. 29,580; Alan J. Ross, Reg. No. 33,767; Albert P. 
Sharpe, III. Reg. No. 19,879; Daniel J. Stanger, Reg. No. 32,846; Eric A. Stephenson, Reg. No. 38,321; Mark S. Svat, Reg. No. 
34,261; John C. Tiernan, Reg. No. 21,078; John M. Vasuta, Reg. No. 38,353. Address all correspondence to: FAY, SHARPE, 
BEALL, FAGAN, MINNICH & McKEE 

[X] 104 East Hume Avenue 

Alexandria, Virginia 2230 1 (703) 684- 1 120 

[ ] 1 100 Superior Avenue, Suite 700 

Cleveland, Ohio 441 14 (216) 861-5582 

I declare that all statements made herein of my own knowledge are true and that all statements made on information and belief 
are believed to be tme; and further, that these statements were made with the knowledge that willful false statements and the like 
so made are punishable by fine or imprisonment, or both, under Title 18, United States Code, Section 1001, and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Jit 13 JS IJ) ift * - a ■')■ 4 ~s R & f <i -f m 

Dnte June 1, 1999 Inventor / xf/jT^/ht J £& Hirpshi ItO 

(Typed Name and Signature) 

Residence Atsugi-shi. Japan Citizenship Japan 

Post Office Address Moridenbiru 301 T 4-8-11, Tsumariaki t.a, Af.sngi -shi , Kmagawa-ken , Japan 



Dale June 1. 1999 Inventor / W/U71C v ^f^ uta. fl1cira Ynmngiwn 

C7 v (Typed Name and Signature) 
Residence Naka-gun, Japan _Citizenship Japan 



Post Office Address 3-4-10, Ishigamidai , Oiso-machi, Naka-gin, Kanagawa-ken , Japan 

Date June 1, 1999 Inventor fcfetfUi Nobuaki E.jlma 

" (Typed Name and Signature) 
Residence Hadano-shi. Japan .Citizenship Japan 

Post Office Address 114-11, Sanya , Hadano-shi, Kanagawa-ken , Japan 

Date June 1, 1999 Inventor ^J/^^A) /CfahbAjteS Ryoichlj<Kuii3iara 

/ (Typed Name and Signature) 
Residence Hadano-shi, Japan Citizenship Japan 

Post Office Address 80-2 , Tokawa , Hadano-shi, Kanagawa-ken, Japan 



Date June 1, 1999 Inventor WL {LAtAjQgj.jU^ sia^haLjM? Masakazu Sakaue 

(Typed Name and Signature) 

Residence Atsugi-shly Japan _Citizenship Japan 

Post Office Address 15-5, Motocho , Atsugi-shi. Kanagawa-ken . Japan 

Date June 1, 1999 Inventor ^gMs$M#- '{/famu/lAS Yasuhiro Uemura 

~? (Typed Name and Signature) 
Residence Hadano-shi, Japan Citizenship Japan 



Post Office Address 3-10, Wakamatsu-cho . Hadano-shi. Kanagawa-ken. Japan 



